An Elliptical Wiggler Beamline for the ALS. 
INTRODUCTION
The use of circularly polarized light is increasingly being exploited at many synchrotrons. The technique is now at the cutting edge of research on properties that are dependent on electron spin. For example, the magnetic properties of solids in thin films are of academic interest and of considerable economic importance to the magnetic recording indus~ry. Similarly, in the life sciences, several critical biological processes . are catalyzed by enzymes contammg metals with active spin systems.
To address these problems? research with circularly polarized synchrotron radiation is ··; moving rapidly toward the use of insertion devices to provide the higher flux and/or higher brightness needed. Based on input . from the user community an elliptical wiggler and associated -beamlines to cover the wide photon energy range from 50 eV to 2 keV are under development at the Advanced Light Source (ALS).l
The elliptical wiggler has been designed to produce circularly polarized light. The light can be produced on axis through the use of a periodic horizontal magnetic field shifted ' longitudinally 90° relative to vertical field. The horizontal field deflects the electron beam vertically as it passes through the wiggler, providing an on-axis effect equivalent to viewing the radiation from successive poles first from above the mid plane and then from below, so that the circular polarization components from poles of opposite polarity add rather than cancel. The polarization can be switched from right to left by reversing the horizontal field with frequency 1-10 Hz. The elliptical wiggler can be optimized by changing the horizontal and vertical magnetic field strength.
In this paper we present a solution to the problems caused by the large phase space of the source, and the design requirements of a wide tuning range, high heat loads and high resolving power.
COMPARISON OF FIXED AND VARIABLE DEVIATION ANGLE MONOCHROMATORS
In Padmore et ai.2 we have shown that a monochromator should have a variable deviation angle to achieve maximum grating efficiency at all energies. This is of particular importance when covering a large energy range so that the flux integrated by a beamline's acceptance is maximized. The optimum deviation angle changes from 150° to 177° for the range from 50 eV to 2000 eV for groove densities from 300/mm to 2100/mm.
In this paper we compare the fixed and variable deviation angle design schemes for this particular beamline. As a basis for comparison we take the geometry of a fixed deviation spherical grating monochromator (SGM) currently in use at ALS beamline 9.3.2.3
The goal of any monochromator design is to accept the most possible radiation from the source. We define a merit function by defining the monochromator output:
where Ma is a merit function, defined as flux multiplied by the square of the degree . of circular polarization integrated over the vertically collecte~ aperture and over the whole source size. Delta ( 8) is the entrance slit transmission factor and Eff is the diffraction efficiency of the grating.
To calculate the diffraction efficiency of the grating, we use a rigorous method developed by M. Neviere.4 It calculates the diffraction efficiency of the grating for a given line density, groove width, groove depth, and deviation angle. We now have all the parts necessary to evaluate the next function and can now apply this to assess existing designs, and to optimize new designs.
Let us divide the energy range into three parts and take the energies 100 eV, 700 eV, and 1500 eV as basic points for optimization. The optimum demagnification will be fixed for all future calculations, because it is fixed in the real beamline, and we will keep resolving power constant and equal to 3500. We will consider a fixed angle monochromator first. Optimizing at 700 eV, assuming the geometry of the SGM from ALS 9.3.2 gives a demagnification of 13, and a deviation angle of 175°. For this angle the optimum line density of the grating for I 00 e V is IOO l/mm, and at 1500 eV is equal to IIOO l/mm. The merit function for this case is shown in '\ Fig. by a solid line. One can see from the graph that the performance in the low and high energy ranges is poor. This is entirely due to the inappropriate deviation angle. The
•. diffraction efficiency of the grating for deviation angle 175° is rather poor above I500 eV and below 200 e V. The deviation angle should be smaller at the low energies and larger at the high energies. This is clearly seen from the next optimization. Now we optimize the deviation angle and line density for 100 eV, with the result 150.6°, 2600 1/mm; and for I500 eV, with the x:esult I 71°, 500 1/mm respectively.
From Fig. I it can be seen that the merit function becomes much higher after this multi-angle optimization. This leads to a second type of monochromator, one with three fixed angles for low, medium and high energies, and the paramerers above. but it would likely require four gratings to produce the adequate smoothness. The third type of monochromator would be one with a completely variable deviation angle, and would cover the entire energy range with one grating (the line with white circles in Fig. 1 ).
BEAMLINE DESCRIPTION
One can see .from the comparison of fixed and variable included angle monochromators (Fig. 1) , that the monochromator should have a variable deviation angle to cover the entire energy range 50 e V -2000 e V.
The beamline layout is presented in Fig. 2 The monochromator is a "constant length" instrument5,6 in the sense that the slits do not move a large distance to keep the monochromator in focus as they must do in an SGM design. Due to high vertical divergence of the beam inside the monochromator ( =5 mrad), we face significant aberrations of the grating. These aberrations can be eliminated by following the exact Rowland circle conditions. 7 Non-Rowland circle geometries such as the SX-7008 or I the SGM can not be used. Rowland circle conditions can be satisfied by moving the plane premirror and the spherical grating as a whole unit back and forth, and by a small movement of the exit slit. Simultaneously with these movements the grating rotates to tune the energy.
Three spherical gratings of different radii and different line densities as well as three premirrors under different angles of incidence are used to cover the entire energy range. (see fig. 3 ). The beamline components are presented in the The large source size and divergence from an elliptical wiggler source together with the demand for a very large energy range produce difficult optical problems when trying to design a high flux, high throughput monochromator. By using a modification of the constant length monochromator concept and a high demagnification onto the entrance slit together with a rigorous system optimization has led to a highly efficient, high resolving power, high resolution design that should also have application elsewhere. 
